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(54) Title: PERMANENT MAGNET ELECTRIC MACHINE WITH ENERGY SAVING CONTROL 

(57) Abstract 

The present invention relates to a gen- 
erator of energy as a dynamo-electric ma- 
chine with employment of the parallel and 
superposed forces, of "artificial electromag- 
netic reaction" between the primary (2) and 
secondary (3) and of "natural ferromagnetic 
reaction" between the secondary and the pri- 
mary. The primary comprises one or more 
pairs (Ci, Ca) of polar expansions (Ei. E2; 
E3, E4), mechanically separated and electri- 
cally offset in phase from each other by a 
polar step (p) and each provided with a fer- 
romagnetic core (A I, A2; A3, A4) and with 
at least an electromagnetic coil (Bu BT, B2. 
B2', B3, B3*, B4, B4 ), and the secondary (3) 
comprises a succession of alternate permanent 
magnets (3i, 32,...> 3 10), and a related control 
system (5). Each polar step (p) spans half a 
permanent magnet of said alternate permanent 
magnets (3u 32»..m 3io), equal to a quarter of a 
complete cycle (pi or p2), the magnetic forces 
being balanced due to the characteristic paired 
disposition of the polar expansions active sep- 
arately during the conductor steps (pi) and its 
ferromagnetic cores active separately during 
the neutral steps in "natural" attraction (p2) 
with the permanent magnets. 
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V. Reasoned statement 

2. Citations and explanations 

1 . Reference is made to the following docunnents: 

D1 = US4 190 779 A 
D2= US4 864 199 A 

The docunnent D2 was not cited in the international search report. A copy is ap- 
pended hereto. 

2. The claims on file do not satisfy the requirement of Art. 6 PCT because they are 
not clear - see Section VIII below. As far as they can be understood, however, the 
available documents illustrating the state of the art appear to provide no basis for 
an objection to the present claims on the grounds of lack of novelty or inventive 
step (Art. 33(2) & (3) PCT), while industrial applicability (Art. 33(4) PCT) is obvious 
for all claims. 

3. The claimed invention appears to achieve a permanent magnet electrical machine 
with energy-saving control by providing a permanent magnet rotor and a stator 
with salient electromagnet poles, wherein essentially: 

(a) the stator poles are arranged in groups, with circumferentially adjacent 
groups offset angularly with respect to the rotor poles by a "polar step" (p) of 
half the span of a permanent magnet (claim 1) or a whole span (claim 5); 
and 

(b) the energising scheme of the stator poles leaves some poles de-energised 
so that the torque is provided by the attractive force between the rotor per- 
manent magnets and the soft iron cores of the stator poles. 

4. It is well known, particularly in the art of stepper motor control, to offset the stator 
poles by various amounts relative to the rotor poles - see, for example, document 
D1 , Fig. 1 1 . However, D2 is the only document known to the examiner which con- 
siders the effect of magnetic attraction between permanent magnet rotor poles 
(24-1) to (24-8) (Fig. 1) and the soft iron cores (32) of de-energised electromagnet 
poles (28-1) to (28-9) (see col. 8, lines 46-59). Even if a skilled person were to 
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consider combining the teaching of D1 and D2, the result would not be the 
subject-matter of present claims 1 and 5, which must therefore be considered as 
being novel and inventive (Art. 33(2) & (3) PCT). 

The dependent claims define advantageous embodiments of the machine of 
claims 1 and 5. Their subject-matter is therefore also novel and inventive (Art. 
33(2) & (3) PCT). 

VII. Certain defects 

1 . Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 and D2 is not mentioned in the description, nor are 
these documents identified therein. 



VIII. Certain observations 

1 . The claims are very unclear and therefore do not satisfy the requirement of Art. 6 
PCT. Before any entry into a subsequent regional phase the whole application, in 
particular the claims, requires revision in order that a skilled person may under- 
stand precisely what is included in the desired scope of protection and what is not. 
Non-standard terminology is used throughout the application, e,g, "polar expan- 
sions", "the input and output of the permanent magnets", "heteronomous", "com- 
plete (energy) cycle", in contravention of Rule 10.1(e) PCT (the preceding exam- 
ples are not exhaustive). 

2. Claim 5 is drafted as dependent on claim 1 . However, as claim 5 specifies that the 
"polar expansions" are offset by a "double polar step", which is inconsistent with 
claim 1, claim 5 is, in fact, another independent claim. 

3. It is unclear whether it is an essential feature of the claimed machine that the rotor 
permanent magnet poles should be contiguous, as illustrated in the figures, or 
whether adjacent poles can be separated along the rotor circumference. Associ- 
ated with this point is the question of whether the "span" of a permanent magnet 
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refers to the angular extent of the pole or the pole pitch, i.e. the distance between 
corresponding points on adjacent poles. It is also unclear whether the separation 
of half of a permanent magnet span (claim 1) or a whole span (claim 5) is tied to a 
system with only two pairs of stator "polar expansions", as shown, or would also 
be valid for different numbers of pairs. The meaning of "opposite" in claim 10 is 
obscure. The expression "negative feedback" in the context of electromagnet 
excitation (claim 16) is obscure. 
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(54) Title: PERMANENT MAGNET ELECTRIC MACHINE WITH ENERGY SAVING CONTROL 

(57) Abstract 

The present invention relates to a gen- 
erator of energy as a dynamo-electric ma- 
chine with employment of the parallel and 
superposed forces, of "artificial electromag- 
netic reaction" between the primary (2) and 
secondary (3) and of "natural ferromagnetic 
reaction" between the secondary and the pri- 
mary. The primary comprises one or more 
pairs (C], C2) of polar expansions (Eu E2; 
E3, E4), mechanically separated and electri- 
cally offset in phase from each other by a 
polar step (p) and each provided with a fer- 
romagnetic core (A], A2; A3, A4) and with 
at least an electromagnetic coil (Bu Bi*, B2, 
B2', B3, Bs*, B4, B4'), and the secondary (3) 
comprises a succession of alternate permanent 
magnets (3i, 32,..., 3io)t and a related control 
system (5). Each polar step (p) spans half a 
permanent magnet of said alternate pennanent 
magnets (3i, 32,-., 3io), equal to a quarter of a 
complete cycle (pi or pa), the magnetic forces 
being balanced due to the characteristic paired 
disposition of the polar expansions active sep- 
arately during the conductor steps (pi) and its 
ferromagnetic cores active separately during 
the neutral steps in "natural" attraction (p2) 
with the pennanent magnets. 
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Description 

PERMANENT MAGNET ELECTRIC MACHINE WITH ENERGY SAVING CONTROL 

Technical Field 

The present invention relates to an energy generator as a dynamo-electric machine 
with separate employment of the interacting forces and their balancing with 
permanent magnets. 

The term "dynamo-electric machine" designates any machine which converts 
5 mechanical energy into electrical energy and vice versa. The type of machine whereto 

the present invention refers is the one wherein a primary comprises a multiplicity of 
polar expansions and a secondary comprises a succession of heteronomous alternated 
permanent magnets. 

iO Background Art 

It is well known that both in motors and in generators of this kind, electromagnets 
act by attraction or repulsion over the entire pitch of the magnets in two semi-cycles, 
that is to say at full cycles from permanent magnet to permanent magnet, and hence 
in none of the known motors or generators is the active effect of the interaction of the 

15 magnets with the highly permeable ferromagnetic cores taken into account, nor is the 

equilibrium i.e. the balancing of the ferromagnetic forces which cancel out the 
permanent magnetic resistant torque to pass from one permanent magnet to the other. 

Disclosure of Invention 
20 Although in the considerations that follow reference shall be made, for the sake of 

convenience, mostly to motors, the same considerations apply for generators as well. 
In particular, the invention constituting the subject of the invention is aimed at 
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determining at relative disposition between the pairs of electromagnets of the primary 
and the permanent magnets of the secondary which is able to harmonise the forces 
at play, whose magnetic nature is respectively permanent, ferromagnetic and 
electromagnetic. 

Another aim of the present invention is to reach a high efficiency in the 
transformation of electrical into mechanical energy and vice versa thanks to an 
appropriate electrical power supply of the electromagnets of the primary in their 
interaction with the permanent magnets of the secondary. 

Yet another aim of the present invention is to provide an electric motor which can 
be controlled by an appropriate control system according to the characteristics 
required in each particular case, with adequate sensors such as optical, magnetic, 
resistive, inductive or other types of transducers which, through electronic circuits 
with transistors, thyristors, or triac, drive the supply of power to the machine, as well 
as common brush collectors, able to provide ctirrent at alternating polar steps to the 
coils offset by a polar step, first one than the other in succession for four steps of 
complete cycle. 

The invention, as it is characterised by the claims that follow, solves the problem 
of providing a dynamo-electric machine with the harmonisation of the interacting 
forces, of the type having a primary comprising one or more pairs of polar expansion 
positioned one at the centre of the permanent magnets and the others astride two 
permanent magnets, mutually distanced by a polar step and each provided with a 
ferromagnetic core and with at least one electromagnetic coil, and a secondary 
comprising a succession of alternate heteronomous permanent magnets, and a related 
control system, which from a general point of view, is characterised in that each polar 
step of electrical conduction spans half permanent magnet of said alternate 
heteronomous permanent magnets and in that said electrical conduction is driven at 
alternate phases: in the first step the coil or coils in negative feedback facing the 
centre of the permanent magnet, then in the second step the coil or coils in negative 
feedback which were astride the permanent magnets and which are in turn taken to 
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the centre, then the third step again the coil or coils in negative feedback of the first 
step but with opposite electrical polarity still in negative feedback, then the fourth 
step again the coil or coils in negative feedback of the second step with opposite 
electrical polarity still in negative feedback closing a complete electrical conduction 
cycle, the two phases are carried out for separate two fourths by a first coil of the 
balancing pair and for other separate two fourths by a second coil of the balancing 
pair offset by a polar step and always with electrical polarity suitable to obtain the 
negative feedback with the opposed permanent magnets and always at the output of 
each half alternate heteronomous permanent magnet. The invention lets the ^'natural 
"permanent magnetic force active in attraction of the alternate heteronomous 
permanent magnets with the high-permeability ferromagnetic cores be always 
unbalanced in attraction, first a ferromagnetic core than the other concurring to create 
a complete parallel and superposed dual cycle of "natural" mechanical energy which 
goes to the axis of the dynamo-electric machine together with the cycle of "artificial" 
electromagnetic energy transformed by negative feedback with the consequent 
addition of the two separate and parallel energies, obtaining a high efficiency of the 
machine of the invention. 

Although in the present description the invention is described with reference to a 
rotatory dynamo-electric machine, it can also be applied to linear machines or annular 
linear machines and to devices for partial servo-controls. 

Further features and advantages of the present invention shall become more readily 
apparent firom the detailed description that follows, of preferred embodiments 
illustrated purely by way of non-limiting indication in the accompanying drawings. 

Description of the Drawing s 

Figure 1 schematically shows in cross section view an embodiment of a 
dynamo-electric machine according to the present invention; 

Figure 2 shows the basic components of the dynamo-electric machine of Figure 
1 and a related diagram of the forces interacting between them; 
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Figure 3 schematically shows a complete attraction and repulsion cycle between 
the basic components of the dynamo-electric machine of Figure 1; 

Figure 4 schematically shows a complete cycle of attraction and repulsion 
between pairs of electromagnets and magnets; 

Figure 5 shows a diagram of the electromagnetic energies at play in the cycle 
of Figure 4; 

Figure 6 shows a diagram of the ferromagnetic at play in the cycle of Figure 4; 

Figures 7 through 9 schematically show, in section view, respective different 
dispositions between primary electromagnets and secondary permanent magnets 
whereto the present invention can be applied. 

Description of the Illustrative Embodiment 

According to the present invention. Figure 1 schematically shows in cross section 
view an embodiment of an electric motor, taken for instance from an energy generator 
as dynamo-electric machine according to the present invention. 

As shown in Figure 1 , on a support base 1 is moimted a stator 2, the primary of the 
machine, coaxially to whose interior is a rotor 3, the secondary. In the stator 2 is 
provided one or more pair of polar expansions, two in the example shown, indicated 
as Ci and C2. The polar expansions Ej, E2, E3, E4 and the pair with are mutually 
separated by a polar step (p), i.e. the distance measured on the air gap arc between the 
start of a permanent magnet and its centre (half magnet). Each polar expansion (Ej, 
E2, E3, E4) is provided with a horseshoe shaped ferromagnetic core (Aj, A2, A3, A4), 
and with electromagnetic coils (Bj, Bj*, B2, B2 , B3, B3', B4, B4'). In the secondary, the 
rotor 3 is provided with a succession of alternate heteronomous permanent magnets 
3i, 32, 3 10, separated from the polar expansions Ej, E2, E3, E4 by an air gap 4, 
Further provided is a system for controlling the motor, of a known kind, 
schematically illustrated in the brush collector 5, characterised by neutral polar steps 
(P2) and conductor polar steps (pi) for the alternating electrical switching of the coils 
(Bi, Bj*, B2, B2) or (B3, B3', B4, B4O, with polarity inversion due to the negative 
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feedback with the heteronomous alternate permanent magnets on the output polar 
step of each half magnet. 

In other words, the machine comprises one or more pairs Cj, C2 of polar 
expansions, E, and E3, £3 and E4, mechanically and electrically distanced by a polar 
step (p) equal to a fourth of a cycle and "half a permanent magnet" 3 whereof one 
expansion, and E3, positioned opposing the full position of the alternated 
heteronomous permanent magnets 33 and 33, 3^ and Sg, and the other, £3 and E4, 
astride the permanent magnets, 34, 35 and 3^,3^3^,3 10 and 3 3 j obtaining as a 
result a balanced equilibrium of the ferromagnetic torque forces interacting between 
the high permeability cores, Aj and A2, A3 and A4, with the alternated heteronomous 
permanent magnets, 3 1, 32,. * ., 3^0, and an electrical offset between the 
electromagnetic coils of the pair Bj, B/ and 63, Bj', B3, B3' and B4, B4 , for the 
contiguous closure of the alternate steps superposed in the two complete and separate 
cycles of positive and negative energy on two heteronomous permanent magnets of 
opposite polarity in four fourths of a cycle (12, 14, 13 and 15; 16, 18, 19 and 17), 
each electromagnetic coil of the pair or group of coils equally positioned in phase (Bj, 
B/, B3 and B3'; 63, 63', B4 and B4') alternatively act for two separate fourths of a cycle 
with "artificial electromagnetic or mechanical energy" (12 and 13; 14 and 15) during 
the conductor steps (pi) and for two separate fourths of a cycle with "natural 
ferromagnetic energy" (16 and 17; 18 and 19) during the neutral steps (P2) electrically 
isolated, through the related control system 5, completing the two cycles of separate, 
consecutive, superposed and parallel "artificial" energy 12, 14, 13 and 15 plus the 
"natural" energy 16, 18, 19 and 17. When the dynamo-electric machine operates as 
a generator of mechanical energy, i.e. as a motor, each electromagnetic coil or group 
of coils (Bi, B/, B3 and B3'; B3, B3*, B4 and B4 ) equally positioned are powered with 
positive and negative electrical current to obtain the negative feedback fi-om the 
centre of the pemianent magnets for the polar step (p^) until the end of the permanent 
magnets at alternating steps 12, 14, 13 and 15 and contiguous for a complete 
repulsion cycle on two magnets of opposite polarity and for two separate fourths each 
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(12 and 14; 13 and 15) whilst the "natural" cycle of permanent magnetic attraction 
is conducted by the ferromagnetic cores (Aj, A3; A2, A4) in parallel and superimposed 
to the "artificial" cycle during the neutral polar steps (P2) of the non-powered coils 
(16, 18, 19 and 17) also for two separate two fourths each (16 and 17; 18 and 19); 
vice versa when the dynamo-electric machine operates as a generator of electrical 
energy it is powered with mechanical energy aided by the complete cycle of "natural" 
magnetic attraction during the neutral steps (ps). 

The illustrated embodiment of a polar expansion is related to an ideal circuit with 
the closure of the electromagnetic flow in a pair of successive permanent magnets 
with opposite polarity. 

Hereafter, the description shall show how a dynamo-electric machine thus realised 
presents a harmonisation of the interacting forces and, as a consequence, a high 
efficiency. 

For the sake of simplicity hereafter the case shall be considered of polar 
expansions not interacting with pairs of permanent magnets but with one permanent 
magnet at a time. 

In particular, in the case wherein the machine operates as a motor, in Figure 2 the 
indications Aj and B, denote respectively a ferromagnetic core and an 
electromagnetic coil of a polar expansion Ej of the primary, and the indication 3i 
denotes a permanent magnet of the secondary. For the sake of convenience, the 
relative motion of the polar expansion of Aj, Bj, with respect to the permanent 
magnet 3j is considered, as if the rotor were fixed. 

The ferromagnetic core of Aj has high permeability so that it is attracted towards 
the permanent magnet 3i, by the "natural" ferromagnetic attraction when the coil Bj 
is not energised. The polar expansion E| moves to E/. The corresponding energy is 
proportional to the surface area of the right triangle 6. The "artificial" electromagnetic 
repulsion when the coil is energised is proportional to the surface area of the 
triangle 7. The polar expansion E^ moves to Ej". 

With reference to Figure 3, a complete attraction and repulsion with alternating 
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Steps of a polar expansion Ej, with a pair of heteronomous permanent magnets 3j and 
32 of opposite polarity, is shown schematically. The polar expansion Ej moves to E/ 
by "natural" magnetic attraction between said permanent magnet 3j and the 
ferromagnetic core A^. The corresponding energy is proportional to the surface area 
of the rectangle 8. The "artificial" electromagnetic repulsion when the coil is 
energised with positive electrical power proportional to the surface area of the 
rectangle 9. The polar expansion Ej moves to E/'. Hence, by "natural" magnetic 
attraction with the permanent magnet 32, the polar expansion Ej moves to E/ ". The 
corresponding energy due to "natural" permanent magnetic attraction is proportional 
to the surface area of the rectangle 10. Thus, the "artificial" electromagnetic repulsion 
when the coil B, is energised with negative electrical power, proportional to the 
surface area of the rectangle 11, takes the polar expansion E^ to E/'", ready in 
attraction for another cycle. With reference to Figture 4, the mechanical coupling (C) 
distancing the ferromagnetic cores Aj and A2 for the balance of the "natural" 
permanent magnetic attraction forces between a permanent magnet and the other (3i, 
32, 33, 34, ...,) said ferromagnetic cores (A, and Aj) are distanced by a magnetic step 
p equal to half a permanent magnet, as in the motor shown by way of example in Fig. 
1, or half permanent magnet plus one as in the scheme of the aforementioned 
example of a complete cycle Fig. 4, or half a permanent magnet plus a plurality of 
whole permanent magnets equally distanced (K, IV2, 2V2, .,.)• Thus the "natural" 
ferromagnetic attraction torque forces are balanced and cancel each other out; 
moreover, the phase offset (p) between the coils (Bj and B2) by half permanent 
magnet has the purpose of completing with continuity the two parallel separate and 
superposed energy cycles over all the four steps necessary for the "natural" permanent 
attraction energy and to the "artificial" electromagnetic repulsion energy. Also 
schematically shown is the attraction cycle between the ferromagnetic cores Aj and 
A2 and the complete repulsion cycle of a pair of polar expansions Ej and E2 with the 
respective alternated heteronomous permanent magnets (3j, 33, 33, 34) for each polar 
expansion E| and E^ and each ferromagnetic core A^ and A2 one can repeat what has 
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been stated with reference to Figure 3, stressing again that, thanks to the half-magnet 
polar step (p), a harmonisation is reached between the "natural" magnetic forces and 
"artificial" electromagnetic forces, which leads to an increase in efficiency with 
respect to the case wherein power supply to the coils is continuous in the positive and 
respectively in the negative semi-cycle. The positive and negative electrical power 
supply cycle for the two coils of E, and E2 is instead that of Figure 5, detailed in 12, 
13, 14 and 15 for four steps of a complete cycle. Figure 6 instead shows the action 
of the ferromagnetic attraction forces in the same cycle steps 16, 17, 1 8, 19, 

Therefore, when the dynamo-electric machine operates as a motor, each electro- 
magnetic coil is powered with positive and negative electrical current or vice versa 
only for two separate fourths of cycle during a complete attraction and repulsion cycle 
on two successive heteronomous magnets. 

To summarise, the dynamo-electric machine according to the invention has in its 
primary at least a pair of polar expansions, whereof one positioned opposing the 
centre of a permanent magnet of a series of altemated heteronomous permanent 
magnets of the secondary, and the other expansion positioned opposing astride two 
of said permanent magnets. The pair of polar expansions has a function of balancing 
and completing the fi*actioned cycle of linear electrical power supply at contiguous 
segments as well as the "natural" fractioned cycle separately (the coils of the 
expansions work only in repulsion on the output of half the pemianent magnets; the 
highly permeable ferromagnetic cores work only in attraction on die input of half the 
permanent magnets). 

In other words, the power supply of the polar expansions at alternating steps occurs 
when the ferromagnetic core is at the centre of a permanent magnet in negative 
feedback until the end of the permanent magnet, whilst in natural ferromagnetic 
attraction from the start of the permanent magnet to its centre, first one then the other 
linearly uniting the firactioned force cycle. The energy developed in the electrical 
power supply cycle and the one developed in the natural permanent magnetic cycle 
are added in interacting forces at the axis of the machine. The altenated power direct 
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current power supply of the polar expansions and of at least one pair, first one and 
then the other expansion in negative feedback (repulsion) occurs at complete cycles 
and with continuous absorption and the "artificial" electrical energy is transformed 
into mechanical energy, whilst the attraction at alternating steps between the 
ferromagnetic cores of at least one pair and the permanent magnets at the input first 
one and then the other core, create a further "natural" mechanical energy 
superimposed and parallel, continuous and linear which is added at the axis with the 
transformed "artificial" energy. Vice versa, if the dynamo-electric machine of the 
present invention operates as a generator of mechanical energy the axis of the 
machine is powered with mechanical energy which is transformed into electrical 
current by each electro-magnetic coil for two separate fourths of cycle each during 
a complete cycle, the energy produced is drawn by means of the control system 
during the conductor steps, whilst the "natural energy" of the neutral steps active in 
attraction add their energy to the mechanical one provided to the axis, with the result 
of a dual transformed energy and with total power relating to the sxmi of each separate 
cycle; or with the separate and direct withdrawal firom the equally positioned coils 
belonging to the two superimposed energy cycles, in this case their electrical energy 
can be rectified before rejoining at the output, or re-phased. 

The harmonisation of the aforementioned interacting forces characterises the 
"energy generator" invention as a high efficiency dynamo-electric machine. 

With reference to Figure 7, a schematic representation is provided of a first 
possible form of interaction of a polar expansion with closure of the magnetic flow 
and with a pair of heteronomous permanent magnets 3 j, 32 in opposite position with 
the ferromagnetic core (A/), as in the example of Figure 1, for rotatory and linear 
dynamo-electric machine, said polar expansion can be position both linear circular 
and longitudinally to the axis of the secondary with alternated heteronomous 
permanent magnets, in this case with double band. 

With reference to Figure 8 the polar expansion E" has air gaps at both sides of a 
ferromagnetic core (Aj") in axial disposition with respect to the band of the alternated 
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heteronomous permanent magnets for the closure of the magnetic flow 20, as in the 
case of a so-called linear and linear annular motor. 

With refa*ence to Figure 9, the polar expansion E" ' for the closure of the magnetic 
flow has permanent magnets at both sides of the ferromagnetic core (A/' ') with two 
bands of alternated heteronomous permanent magnets 21, 22 belonging to two axial 
rotors or two linear tracks. Moreover, without references, it should be noted that for 
the construction and disposition of the polar expansions, of the ferromagnetic cores, 
of the permanent magnets and of its air gaps the realisation can be effected as in 
common and known dynamo-electric machines, it is just necessary according to the 
invention to respect the binomial of separation of the interacting flows to be 
harmonised with the alternating "artificial" electrical power supply of the active steps 
and of the neutral steps (not powered), which allow to exploit the "natural" potential 
attraction energy between the ferromagnetic cores and the permanent magnets always 
unbalanced in magnetic attraction step after step, main and necessary characteristic 
of the subject invention. 

Purely by way of experimental, demonstrative, theoretical and practical example, 
the invention can be realised with two dynamo-electric machines with collector, 
appropriately and simply modified for the exploitation of the technique for separating 
the interacting forces constituting the subject of the invention: the two collectors are 
modified, each electrical polar step is divided into two steps, a neutral one and a 
conductor one, the axes of the two machines are fixed mechanically in series, forming 
a common mechanical axis, taking into account that it is necessary to offset by a polar 
step a collector of a machine with respect to the other one of the other machine, so 
that for instance in the case of a motor the electrical power supply powers at 
alternating polar steps first one machine and then the other, transforming the 
electrical energy from "artificial" repulsive electromagnetic force into mechanical 
energy, whilst the natural magnetic potential energy of the neutral polar steps in 
ferromagnetic attraction creates an additional "natural" mechanical energy parallel 
and superimposed with a resultant at the axis given by the sum of the energies at play, 
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separated and mutually harmonised: "artificial" plus "natural". 

The invention thus conceived can be subject to numerous modifications and 
variations, without thereby departing firom the scope of the inventive concept. 
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Claims 



1 . Energy generator as dynamo-electric machine with separate and harmonised 
employment of the positive and negative interacting forces at the input and output of 
the permanent magnets, characterised by a primary (2) comprising one or more pairs 
(Ci, C2) of polar expansions (Ej, E2; E3, EJ, mechanically separated and electrically 
offset from each other by a polar step (p) and each provided with a ferromagnetic 
core (Aj, Aj, A3, A4) and with at least an electromagnetic coil {By, B/, 63, B^*; B3, B3', 
B4, B4*) and by a secondary (3) comprising a succession of alternated heteronomous 
permanent magnets (3,, 32, . . 3 10), and by a related control system (5), wherein each 
polar step (p) spans half a permanent magnet of said alternated heteronomous 
pemianent magnets (3 ], 32, . . 3 10), equal to a fourth of a complete cycle (p| or P2) the 
magnetic forces being balanced by those of the permanent magnets for the 
characteristic paired disposition of the polar expansions active separately dtuing the 
conductor steps (p^) and its ferromagnetic cores active separately during the neutral 
steps in "natural" attraction (P2), whose equilibrium disposition is obtained with the 
phase offset of the expansion pair with its ferromagnetic cores, one positioned at the 
centre of the permanent magnets and the other one distanced by a polar step (p) 
between two permanent magnets, thereby zeroing the competing forces, with a 
continuity, at alternating and superimposed steps, of "natural ferromagnetic" plus 
"artificial electromagnetic" energy in two complete superimposed energy cycles. 

2. Energy generator as dynamo-electric machine according to claim 1, 
characterised in that the two separate energy cycles are divided into four fourths each 
acting on two permanent magnets of opposite polarity (3^, 33, 35, 3^, 39 with 33, 34, 3^, 
3^, 3 10), in the first "natural energy" cycle at the input of the permanent magnets the 
two ferromagnetic cores of the pair (Cj, C2) work first one then the other (Aj, A3; A2, 
A4) during the alternating neutral steps (P2) for two separate cycle fourths each in a 
complete cycle (16, 17; 18, 19) and in the second superimposed cycle of "artificial 
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energy" at the output of the permanent magnets, the polar expansions (E,, E2; E3, E4) 
of the pair (Cj, €3) with its coils (Bj, B/, B3, B3*; B2, B^', B4, B^) also work first one 
and then the other during the alternating conductor steps (pi) for two separate cycle 
fourths each in a complete cycle (12, 13; 14, 15), all by means of the control system 
5 (5) that switches the neutral steps (P2) and the conductor steps (pj) alternatively on 

one (Bi, B/, B3, B3*) or the other coil (B2, B2*, B4, B4*) at the output of the permanent 
magnets, 

3. Energy generator as dynamo-electric machine according to claim 1, 
characterised in that, when it operates as a motor, each electromagnetic coil (Bj, B/, 
B3, B3*; B2, B2', B4, B4) is powered with positive and negative electrical current (12, 
13; 14, 15) only for two separate cycle fourths during a complete repulsion cycle on 
two successive heteronomous permanent magnets during the conductor steps (pi), 
switched by the control system (5), the electromagnetic energy is transformed into 
mechanical energy and goes to the axis (23) in parallel to the second superimposed 
cycle of "natural energy" (16, 17; 18, 19) produced by the ferromagnetic cores (A^, 
A3; A2, A4) at the input to the successive heteronomous permanent magnets during 
the neutral steps (P2) also transformed in mechanical energy, with the addition of the 
two energies (12, 14, 13, 15) + (16, 18, 19, 17) and with continuous and linear 
absorption. 

4. Energy generator as dynamo-electric machine according to claim 1, 
characterised in that, when it operates as a generator of electrical energy, the axis (23) 
of the machine is powered with mechanical energy which is transformed into 

25 electrical current by each electromagnetic coil (Bj, B/, B3, B3'; B2, 63', B4, B4') for two 

separate cycle fourths each (12, 13; 14, 15) during a complete cycle (12, 13, 14, 15), 
the energy produced is drawn through the control system (5) during the conductor 
steps (pi) whilst the "natural energy" of the neutral steps (P2) active in attraction add 
their energy (16, 18, 19, 17) to the mechanical energy supplied to the axis (23) with 



15 
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the result of a dual transformed energy (12, 14, 13, 15) + (12, 14, 13, 15) and with 
total power relating to the sum of each separate cycle. 



5. Energy generator as dynamo-electric machine according to each of the previous 
5 claims, characterised in that the polar expansions (E^ . * .) of the primary (2) with the 

coils (Bj ..,) and the ferromagnetic cores (Aj ,..) are mechanically distanced from 
each other by a double polar step (Pi + P2) equal to an entire permanent magnet and 
all opposing the centre of the alternated heteronomous permanent magnets (3 j, . . .) 
of the secondary (3), whilst the working step (p) is always of a fourth of a cycle, equal 
10 to half a permanent magnet, the energy at play in the two separate cycles is not 

superimposed but dovetailed and in cyclical successions, for two separate cycle 
fourths (8, 10) between the "natural ferromagnetic energy" (E/, E," ') and for two 
other separate cycle fourths (9, 1 1) with the "electromagnetic energy" (Et", E^"") for 
a complete cycle, alternate by contiguous of four fourths (8, 9, 10, 1 1), all controlled 
15 by a system that electrically connects the coils at alternating steps (p), a conductor 

step (pi) and a neutral step (P2) in cyclical sequence. 



6. Energy generator as dynamo-electric machine according to each of the previous 
claims, characterised in that the polar expansions (E,, £3; E3, E4) of the primary (2) 
20 and the alternated heteronomous permanent magnets (3 1, 32, . . 3 10) of the secondary 

(3) can be positioned indifferently opposite in the stator (2) and rotor (3) and vice 
versa. 



7. Energy generator as dynamo-electric machine according to each of the previous 
25 claims, characterised in that the polar expansions (Ei, £3, E3 and E4) of the primary 

(2) are positioned longitudinally to the axis of motion (23) with the secondary (3) and 
opposite to the North South permanent magnets (3 j, 33) also positioned longitudinally 
and in heteronomous alternated succession (3, and \, \ and 34, 35 and 3^, ...). 
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8 . Energy generator as dynamo-electric machine according to each of the previous 
claims, characterised in that the control system (5) comprises a collector with related 
brushes which electrically connect at altemating conductor (pi) and neutral (P2) polar 
steps (p) the coils (Bi, B/, B3, B3 ; B2, B2*, B4, B4') of the polar expansions (Ej, E3; E2, 
E4) said polar steps (p) switch with a frequency of a fourth of a cycle, 

9. Energy generator as dynamo-electric machine according to claims 1, 2, 3, 4, 5 
and 6 characterised in that the control system (5) comprises a decoder of the 
altemating polar steps (p) corresponding to the conductor steps (pj) and neutral steps 
(P2), by optical, magnetic, resistive, inductive or other measuring systems which drive 
an electronic control system with transistors, thyristors, triac or other means for the 
alternated electrical conduction switching of the coils (B,, B/, B3, B3*; Bj, B2', B4, B4O 
relating to the polar expansions (E,, E3; E2, E4) said polar steps (p) switch with a 
frequency of a fourth of a cycle. 

1 0. Energy generator as dynamo-electric machine according to claims 1, 2, 3, 4, 5, 
6 and 7 characterised in that said polar expansion (E*) cores (A*) and said permanent 
magnets (3i, 32) are opposite. 

1 1 . Energy generator as dynamo-electric machine according to claims 1, 2, 3, 4, 5, 
6 and 7 characterised in that said polar expansion (E") cores (A/*) and said permanent 
magnets (20) are in an axial relationship. 

12. Energy generator as dynamo-electric machine according to claims 1, 2, 3, 4, 5, 
6 and 7 characterised in that said polar expansion (E' ") cores (Aj* ") are axially 
opposite pairs (21, 22) of said permanent magnets positioned laterally thereto. 

1 3 . Energy generator as dynamo-electric machine according to each of the previous 
claims characterised in that the disposition of the polar expansions (Ej, E2, E3 and E4) 
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of the primary (2), of the alternated heteronomous permanent magnets (3(, 82 . . .) c>f 
the secondary (3) and of the control system (5) is indifferently rotatory, linear, linear 
annular, as well as with partial sectors for servo-controls destined to specific uses. 



5 1 4. Energy generator as dynamo-electric machine according to each of the previous 

claims characterised in that the invention is realised by coupling (Cj, C) two 
traditional dynamo-electric machines (Mj, Mj), mechanically and electrically offset 
by the rotation of a fourth of a cycle equal to one polar step (p) of one (Mj) with 
respect to the other (M2) and mechanically fastened in line in a common axis (23) and 

10 which works through the control system (5) electrically switching first a dynamo- 

electric machine (Mj) then the other (M2) for two separate fourths each (12, 13; 14, 
15) in a complete cycle of four fourths of electromagnetic energy (12, 14, 13 and 15) 
during the conductor steps (p^) and four superimposed fourths of natural energy (16, 
18, 19, 17) relating to the neutral polar steps (P2). 

15 

1 5 . Energy generator as dynamo-electric machine according to each of the previous 
claims characterised in that the invention is realised with a common traditional 
dynamo-electric machine wherein the switch of its expansions E|, E2, ...) is 
performed for instance with a traditional collector (5) having twice the number of 
20 polar steps (p), a conductor step (pi) and a neutral step (pj) equal to two separate 

cycle fourths each (8, 10 and 9, 1 1), functioning in cyclical sequence for a complete 
alternated by contiguous cycle of four fourths (8, 9, 10, 11). 



1 6. Energy generator as dynamo-electric machine according to each of the previous 
25 claims characterised in that the permanent magnets (3 1, 33, 33, ... 3^0) which create 

the magnetic field are constituted by electromagnets excited electrically in negative 
feedback. 
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The present invention relates to^argenerator of energy as 

a dynanno-eleetric machine with^employment of the paiBH 

and superposed forces, of^'aftiftcial eteeto^omagnetia reaction^ 

between the primary (2y and secondary f3)arKj of "natural 

ferromagnetic reaction" between the secondary and the primary. 

The primary comprises one or more pairs (C,, of polar 

expansions (E^, Eji E3, EJ, mechanically separated and 

electrically offset in phase from each other by a polar step (p) 

and each provided with a ferronrtagnetic core (A,, Aj; A3, A4) 

and with at least an eJectroniagnetic coil (B^, B/, B^, B2'; B3, 

83 , B4. B4'), and the secondary (3) comprises a succession 

of altemate pemianent magnets (3^, 33, 3^0)* and a related 

control system (5). Each polar step (p) spans half a pemianent 

magnet of said altemate pemnanent magnets (3,, 3^, .-.,3^0)1 

equal to a quarter of a complete cycle (p^ or p^), the magnetic 

forces being balanced due to the characteristic paired disposition 

of the polar expansions active separately during the conductor 

steps (pi) and its ferromagnetic cores active separately during 

the neutral steps in "natural" attraction (P2) with the pennanent magnets. 
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(54) Title: TWO-PHASE MOTOR, PARTICULARLY A TIME PIECE MOTOR OR A MOTOR FOR DRIVING THE HAND OF A 
DISPLAY 

(54)Titre: MOTEUR DIPHASE, NOTAMMENT UN MOTEUR D'HORLOGERIE OU UN MOTEUR POUR L'ENTRAINEMENT 
D'UNE AIGUILLE D'UN AFFICHEUR 

(57) Abstract 

The present invention relates to a two-phase motor 
formed by a stator part (1) excited by electric coils and a 
magnetised rotor (2). The rotor (2) has N pairs of poles 
which are radially magnetised in alternate directions. N 
being equal to 3 or 5. The stator part (I) has at least 
two W-shaped circuits (3, 4) comprising each an electric 
coil (20, 2!) surrounding the central leg (5, 6). The 
"W" circuits (3, 4) are so arranged that when one of the 
central legs faces a magnetic transition, the other central 
leg faces a tnagnetic pole. The polar opening outs of the 
legs of a "W" circuit are angularly spaced by 7r/4. The 
polar opening outs of the central legs of the two "W" 
circuits (3, 4) belonging to different phases arc angularly 
spaced apart by an angle which is substantially equal to 
7r/2±k.T/N, where N is the number of pairs of magnetic 
poles, that is 3 or 5, and k is equal to 0. 1, or 2. 

(57) Abr^g^ 

La pr^.sente invention conceme un moteur diphas6 
form^ par une partie statorique (I) excitde par des 
bobines ^lectriques et par un rotor (2) aimant6. Le rotor 
(2) pr^sente N paires de pdlcs aimant^s radialement en 

sens aliem^s, N dtant 6gaie ^ 3 ou ^ 5. La partie statorique (I) pr6sente au moins deux circuits en forme de "W" (3, 4) comportant chacun 
une bobine ^lectrique (20. 21) cntourant la jambe centrale (5, 6). Les circuits en "W" (3. 4) sont disposes de fa^on k ce que lorsque I'une 
des jambes centrales se trouvc en face d'une transition magn6tique. Fautre jambe centrale se trouve en face d'un p61e magn^tique. Les 
6panouissements polaires des jambes d*un circuit en "W" sont espac6es angulairement dc 7r/4. Les ^panouisscments polaires des jambes 
centrales de deux circuits en "W" (3, 4) appartcnant h des phases diff6rentes sont ^cart^es angulairement d'un angle sensiblement 6gal ii 
7r/2±k,7r/N, ou N est le nombre de paires de pdles magn6tiques. sott 3 ou 5 et k est 6gal ^0, 1, ou 2. 
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MOTEUR DIPHASE, NOTAMMENT UN MOTEUR 
D'HORLOGERIE OU UN MOTEUR POUR L ' ENTRAINEMENT D ' UNE 
AIGUIIiliE D • UN AFFICHEUH , 

5 La presente invention concerne un moteur 

electrique diphase. notamment un moteur d*horlogerie ou un 
moteur pour 1 ' entrainement d'une aiguille d'un afficheur. 

De tels moteurs sont par exemple d^crits dans le 
brevet europ^en EP587685 de la demanderesse . Le but de 

10 1' invention est d'ameliorer de tels moteurs de fac^on a 
augment er le couple et a eliminer la piece de f ermeture de 
flux sans perdre 1 * avantage de la simplicite de la 
fabrication et les possibilit^s d ' integration des mecanismes 
associes tels les reducteurs . 

15 A cet effet, 1 ' invention concerne un moteur 

diphase forme par une partie statorique excitee par des 
bobines electriques et par un rotor aimante presentant N 
paires de poles aimantes radialement en sens alternes, N 
etant egal a 3 ou a 5 . La partie statorique presente au 

20 moins deux circuits en forme de W comportant chacun une 
bobine electrique entourant la jambe centrale . Les circuits 
en W sont disposes de fagon a ce que lorsque 1 ' une des 
jambes centrales se trouve en face d * une transition 
magnetique, 1 ' autre jambe centrale se trouve en face d ' un 

25 pole magnetique. Les epanouissements polaires des jambes 
d'un circuit en W etant espacees angulairement de 71/ 4 et les 
epanouissements polaires des jambes centrales de deux 
circuits en W appartenant a des phases differentes etant 
ecartees angulairement d ' un angle sensiblement egal a 

30 n/2±k.7C/N, ou N est le nombre de paires de poles 
magnetiques, soit 3 ou 5 et k est 6gal a 0, 1, ou 2 . 

Un tel moteur repond aux objectifs de 
1* invention gr^ce ^ un nombre accru de dents actives {6 au 
lieu de 4) et grace k une reduction du trajet des lignes de 

35 champ dans l*air. La forme du circuit statorique en "W* 
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assure la fermeture des lignes de champ entre le pole 
central qui regoit la bobine et les deirx poles ad jacents . 

Avan tageusement , les deux circuits en "W" 
presentent une jambe commune. Le stator peut ainsi etre 
5 realise sous forme d ' une seule piece, ce qui elimine tout 
probleme de posit ionnement angulaire que 1 ' on rencontre avec 
des stators formes de plusieurs pieces fixees sur un 
support . 

Dans un mode de realisation preferee, 

10 1' invention concerne un moteur de faible cout d' assemblage 
et de tres faible epaisseur. 

Selon une premiere variante, les jambes 
exterieures des deux circuits en " W*' sont relies par un 
ponte t en forme d * arc de cercle, le pontet pre sent ant 

15 avant ageusement des dents statoriques ecartees de k/ 4 
degres . Cette variance permet de realiser un moteur avec un 
nombre reduit de composant, a savoir un rotor, un stator 
forme par une seule pi^ce supportant deux bobines 
electriques seulement . 

20 Les moteurs pas-a-pas selon I'etat de la 

technique presentent par ailleurs un deplacement saccade , du 
au fait qu ' un pole aimante du rotor trouve une position 
d'equilibre privilegie lorsqu'il est place en regard d ' une 
dent statorique, ou lorsqu * une transition entre deux poles 

25 magnetiques se trouve en regard d ' une dent statorique. Le 
couple de detente constitue de ce fait une f one t ion 
periodique de la position angulaire dont la frequence depend 
du nombre de poles magnetique et du nombre de poles 
statoriques. On a cherche dans I'etat de la technique a 

30 "lisser" cette fonction en augmentant le nombre de poles. 
Cela implique toutefois une plus grande complexite mecanique 
et un coUt de fabrication et d' assemblage eleve, 

Un deuxieme but de la presente invention es t de 
remedier a cet inconvenient en proposant une construction 

35 of f rant , avec un nombre de poles magnetiques et statorique 
raisonnable. une limitation sensible du couple de detente. 
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A cet eftet, 1 ' invention concerne un mode de 
realisation prefere mettant en oeuvre Quatre circuits en "W" 
dont les jambes adjacentes sont communes et forment ainsi un 
stator a 8 poles. Les jambes centrales des circuits en "W" 
5 diametralement opposes portent des bobines de la meme phase. 

Cette structure permet de reduire 
considerablement le couple de detente par annulation des 
harmoniques 2 et 4 de la fonction (couple de detente, 
position angulaire) . Le moteur selon 1' invention presente 
10 ainsi un deplacement non saccade malgr^ le nombre reduit de 
poles magnetiques ou statoriques. 

Avantageusement , le stator est constitue par une 
piece unique decoupee pour presenter deux paires de circuits 
en "W" diametralement opposes dont les extremites polaires 
15 sont equidis tan tes angulairement . Avan tageusement , les 
jambes recevant les bobines electriques s'etendent dans une 
partie centrale evidee dont les dimensions permettent 
1 ' introduction d ' une bobine electrique dans le plan des 
jambes et la mise en place autour de la jambe correspondante 
20 par translation. 

Les bobines peuvent etre ainsi fabriquees 
separ^ment selon des procedes plus economiques que le 
bobinage autour d * une partie statorique complexes, et etre 
ensuite enfilees sur les jambes correspondantes . 
25 Le stator peut etre fabrique selon des procedes 

simples et peut couteux. Le fait qu'il soit forme par une 
seule piece decoupee evite les problemes de precision de 
1 ' assemblage et de dereglement , 

De preference, les jambes portant les bobines 
30 electriques s'etendent radialement . Selon un mode de 
realisation particulier, le stator est constitue par un 
empilement de toles fines. Ce mode de realisation permet 
d'utiliser des techniques d'usinage peu couteuses pour la 
decoupe du stator, et d'am^liorer les performances 
35 magnetiques du stator. 
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De preference, I'extremite frontale de 
1 ' epanou is semen t polaire est situee dans le plan de la face 
frontale interieur de la bobine, 

Selon une variante de realisation part iculiere , 
5 le rotor est forme par un aimant aimante suivant une 
direction perpendiculaire au plan du stator et places entre 
deux disques crantes presentant des dents decalees . 

Selon une variante particuliere de realisation, 
le moteur diphase presente une piece auxiliaire de fermeture 
10 de flux, avantageusement une piece de fermeture du flux 
magnetique en un materiau doux coaxial avec le rotor. 

Selon un premier mode de realisation, la piece 
de fermeture du flux magnetique est une piece cylindrique en 
forme de bague.Cette bague peut etre fixe par rapport au 
15 rotor, ou solidaire de 1 ' aimant . 

Selon un deuxieme mode de realisation, la piece 
de fei"meture du flux magnetique est une piece cylindrique en 
forme de bague presentant des cannelures formant des dents 
placees en regard des dents statoriques. 
20 L' invention sera mieux comprise a la lecture de 

la description qui suit, faisant reference aux dessins 
annexes ou : 

les figures 1 et 2 repre sen tent des vues 
respect ivement de dessus et en coupe transversale d ' une 
25 premiere variante d'un moteur selon 1' invention ; 

- la figure 3 represents une vue de dessus d ' une 
deuxieme variante du moteur selon 1 ' invention ; 

- la figure 4 represents une vue de dessus d ' une 
troisieme variante du moteur selon 1* invention ; 

30 - la figure 5 represents une vue de dessus d * une 

quatrieme variante du moteur selon 1 ' invention ; 

la figure 6 represente une vue en coupe 
transversale d'un rotor pour le moteur selon 1' invention ; 

- la figure 7 represente une vue de dessus dudit 

35 rotor ; 
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la figure 8 represente une vue en coupe 
transversale d * une autre variante de rotor. 

Les figures 1 et 2 representent des vues 
respec tivement de dessus et en coupe transversale d ' un 
moteur selon 1' invention. Le moteur comporte un stator (1) 
est un rotor (2 ) . 

Le stator (1) est realise par decoupage dans une 
feuille metallique d ' une epaisseur de 2 millimetres/ ou par 
empilement de plusieurs feuilles metalliques en un materiau 
magnetiquement doux . Le stator pr6sente deux circuits en *'W" 
(3, 4) presentant chacun une jaxabe mediane (5, 6) et deux 
jamfoes laterales (7, 8 et 9, 10). Les jambes medianes (5, 6) 
se terminent chacune par un epanouissement polaire 
respectivement (11, 12). Les jambes laterales presentent 
egalement des epanou is semen ts polaires (14 a 16), les deux 
jambes (8, 9) appartenant respectivement au premier circuit 
en "W" (3) et au second circuit en "W" (4) presentant dans 
I'exemple de realisation decrit un epanouissement polaire 
commun . 

Le stator (1) presente par ailleurs des trous 
(17, 18, 19) pour le passage d'organe de fixation sur un 
support, par exemple de vis ou des rivets. 

Les jambesj medianes (5, 6) regoivent des bobines 
electriques respectivement (20, 21). Ces deux jambes (5, 6) 
sont orientees radialement. 

Le rotor (2) presente 5 paires de poles 
magnetiques. II est forme par une piece cylindrique (25) 
aimant^e radialement pour presenter al ternat ivement , a la 
surface exterieure (26) , des poles SUD et des poles NORD. La 
partie aimantee peut etre formee par 1 ' association d'aimants 
minces en forme de tuiles collees sur un noyau cylindrique 
ou encore par 1 ' aimantation de secteurs tubulaires. 

Une autre solution encore consiste a aimanter en 
surface une piece cylindrique selon des festons de fagon a 
ce que deux poles opposes soient formes par des elements de 
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surface peripherique adjacents, relies par une zone en arc 
de cercle penetrant a 1 * interieur de 1' element cylindrique. 

Le rotor (2) est supporte de maniere connue par 
des pivots (26, 27) visibles sur la figure 2. 
5 Les jambes m^dianes (5, 6) des deux phases 

oppcsees supportant les bobines ^lectriques (20, 21) sont 
orientees de maniere a ce que, lorsqu'un pole magnetique 
(30) est en regard de l*un des epanouissements polaires 
(12), 1' autre epanouissement polaire (11) est en regard 
10 d'une transition (31). 

Le rotor (2) pr6sente une bague crantee (32) 
propre a entrainer un train d'engrenage (33 a 35). Ce train 
d'engrenage transmet le mouvement rotatif a un arbre de 
sortie (36) . 

15 Le Stat or ( 1 ) est loge dans 1 ' example deer i t 

dans un boitier forme de deux coques (37, 38) 
complementaires assurant par ailleurs le maintien des axes 
du train d'engrenage (32 a 35). 

La f igure 3 represent e une var iante de 

20 realisation differente de celle precedemment decrit par le 
fait que les epanouissements polaires (14, 16) formant les 
extremites des j ambes ext^rieures ( 7 , 10 ) des deux circui ts 
sont reunies par un pontet (40) presentant des dents 
polaires (41 a 43). L * ensemble forme par les circuits en "W" 

25 (3, 4) et par le pontet (40) est decoupe dans une seule 
piece en un mat^riau magnet iquement doux , ou dans une 
pluralite de feuilles qui forment un empilement. 

La partie centrale (45) du stator (1) est 
evidee. L ' introduction des bobines electriques (20, 21) 

30 s'effectue par un premier d^placement selon une direction 
perpendiculaire au plan du stator correspondant au plan de 
la figure 3, puis par d^placement par translation radiale 
pour faire glisser la bobine autour de 1 ' une des jambes 
medianes (5, 6). Cette operation est bien sur realisee avant 

35 que le rotor (2) ne soit mis en place. La bobine peut etre 
formee sur un noyau (46, 47) dont la section est 
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coimpiementaire de celle des jambes (5, 6) et presentant une 
face frontale (48, 49) venant affleurer l*extremite de 
1 * epanouissement polaire (11. 12) de la j ambe (5, 6) 
correspondante , 

La figure 4 represente une vue de dessus d ' une 
troisieme variante de realisation different des precedentes 
variantes par le fait que les circuits en "W" (3, 4) sont 
separes . lis sont positionnes de faQon a ce cjue, lorsque 
1 • epanouissement polaire (11) de la jambe centrale (5) de 
1 ' un des circuits en "W" (3) se trouve en face d'une 
transition magnetique (31), 1 * epanouissement polaire (12) de 
la jambe centrale (6) de 1 'autre circuit en "W" (4) se 
trouve en face d'un pole magnetique (50) . 

La figure 5 represente une vue de dessus d'une 
quatrieme variante de realisation different des precedentes 
variantes par le fait qu * il comporte quatre circuits en "W" 
(51, 52. 53, 54). Deux circuits en "W" diame tralement 
opposes appartiennent a une lueme phase. Les jambes medianes 
(55, 56, 57, 58) supportent chacune une bobine electrique 
(59, 60, 61, 62). Deux jambes laterales consecutives (63, 
64), (66, 67), (69, 70), (72, 73) representent des 
epanouissements polaires respec tivement (65, 68, 7 1, 74) 
communs . Les epanouissements polaires consecutifs (65, 68, 
71, 74, 75 a 78) sont ecartes angulairement de 7C/4. 

Le stator presentant les quatre circuits en "W" 
(51 a 54) est decoupe dans une pi^ce unique ou dans un 
empilement de pieces et definit un evidement central (80) 
dont les dimensions et la forme permet I'enfilement des 
bobines (59 a 62) sur les jambes medianes (55 a 58). 

Les figures 6 et 7 representent des vues 
respectivement en coupe transversale et de dessus d'un rotor 
pour le moteur selon 1' invention. Le rotor (2) est fonne par 
deux disques crantes presentant des dents decalees (81, 82) 
entre lesquels est positionne un aimant (83) aimante suivant 
une direction perpendiculaire au plan median du stator. Les 
dents (89 a 93) de 1 ' un des disques crantes (81) 
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correspondent aux creux formes entre deux dents consecutives 
(94 a 98} de 1 'autre disque crante (82). Chacun des disques 
crantes (81, 82) presente 5 dents separees par 5 creux. 

La figure 8 une vue en coupe transversale d ' une 
5 autre variante de rotor. Le rotor comporte une bague (99) en 
un materiau magn^tique doux, presentant dix zones (100 a 
109) aimantees en festons de fagon a presenter des poles 
alternes a la surface de ladite bague (99), 

1 ' invention est decrite dans ce qui precede a 
10 titre d'exemples non limitatifs. L'Honune de Metier pourra 
realiser differentes formes de stater ou de rotor conforme a 
1 ' invention . 
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REVENDICATIONS 

1 Moteur diphase forme par una partie 
statoriqi-ie (1) excitee par des bobines electriques et par un 
rotor (2) aimante, caracterise en ce que le rotor (2) 
presente N pa ires de poles aimant^s radial ement en sens 
alt ernes , N etant egale a 3 ou a 5 , et en ce que la part ie 
statorique (1) presente au moins deux circuits en forme de 
"W" {3, 4) comportant chacun une bobine ^lectrique (20, 21) 
entourant la jambe centrale {5, 6), lesdits circuits en *'W" 
(3, 4) etant disposes de fagon a ce que lorsque 1 ' une des 
jambes centrales se trouve en face d ' une transition 
magnetique, 1' autre jambe centrale se trouve en face d ' un 
pole magnetique, les epanouissements polaires des jambes 
d ' un circuit en "W" etant espacees angulairement de Ti/4 et 
les epanouissements polaires des jambes centrales de deux 
circuits en '*W" (3 , 4 } appar tenant a des phases dif f erentes 
etant ecartees angulairement d ' un angle sensiblement egal a 
7i/2±k.7C/N, ou M est le nombre de paires de poles 
magnetiques, soit 3 ou 5 et k est egal a 0, 1, ou 2 . 

2 - Moteur diphase selon la revendica t ion 1 
caracterise en ce que deux circuits en "W" (3, 4, 51 a 54) 
presentent un epanou is semen t polaire commun (15, 65, 68, 71, 
74) . 

3 - Moteur diphase selon la revendicat ion 1 ou 2 
caracterise en ce que les jambes exterieures des deux 
circuits en "W" (3, 4) sont relies par un pontet (40) en 
forme d ' arc de cercle. 

4 - Moteur diphase selon la revendicat ion 3 
caracterise en ce que le pontet presente des dents 
statoriques (41 a 43) ecartees de n;/4 degres . 

5 - Moteur diphase selon la revendica t ion 1 
caracterise en ce que le stator est constitue par une piece 
unique decoupee pour presenter deux paires de circuits en 
"W" (3. 4) diametralement opposes dont les epanouissements 
polaires sont equidis tantes angulairement avec un pas de 
71/4 . 
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6 - Moteur diphase selon 1 ' une quelconque des 
revendicat ions precedences caracterise en ce que le stator 
(1) presente partie centrale evidee dont les dimensions 

5 permettent 1 ' introduction d ' une bobine electrique dans le 
plan des j ambes et la mise en place autour de la j ambe 
correspondante par translation . 

7 - Moteur diphase selon 1 ' une quelconque des 
revendications precedences caracterise en ce que les jambes 

10 portant les bobines electriques s * etendent radialement. 

8 - Moteur diphase selon 1 • une quelconque des 
revendications precedentes caracterise en ce que le stator 
est constitue par un empilement de toles fines. 

9 - Moteur diphase selon I'une quelconque des 
15 revendications precedentes caract6ris6 en ce que I'extremite 

frontale de 1 ' epanouissement polaire est situee dans le plan 
de la face frontale interieur de la bobine. 

10 - Moteur diphase selon 1 ' une quelconque des 
revendications precedentes caracterise en ce le rotor (2) 

20 est forme par un aimant aimante suivant une direction 
perpendiculaire au plan du stator (1) et plac6 entre deux 
disques crantes (81, 82) presentant des dents decalees. 

11 - Moteur diphase selon 1 ' une quelconque des 
revendications 1 a 9 caracterise en ce le rotor (2) est 

25 forme par une bague (99) aimantes en festons. 

12 - Moteur diphase selon 1 * une quelconque des 
revendications 1 a 10 caracterise en ce qu'il presente une 
piece auxiliaire de fermeture de flux. 

13 - Moteur diphas^ selon la revendicat ion 12 
30 caracterise en ce qu'il comporte la piece de fermeture du 

flux magnetique est une piece cylindrique en forme de bague 
presentant des cannelures formant des dents placees en 
regard des dents statoriques. 
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Fig. 1 
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I. Basis of the report 

1 . This report has been drawn on the basis of (substitute stieets wtiich have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.) : 

Description, pages: 

1-11 as originally filed 

Claims, No.: 

1-16 as originally filed 

Drawings, slieets: 

1 /5-5/5 as originally filed 

2. The annendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
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V. 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



Statement 



Novelty (N) 



Yes 
No: 



Clainns 
Claims 



1 



16 



Inventive step (iS) 



Yes 
No: 



Claims 
Claims 



1 



16 



Industrial applicability (lA) 



Yes 
No: 



Claims 
Claims 



1 



16 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIJL Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made; 

see separate sheet 
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V. Reasoned statement 

2. Citations and explanations 

1 . Reference is made to the following documents: 

D1 = US 4 190 779 A 
D2- US 4 864 199 A 

The document D2 was not cited in the international search report. A copy is ap- 
pended hereto. 

2. The claims on file do not satisfy the requirement of Art. 6 PCT because they are 
not clear - see Section VIII below. As far as they can be understood, however, the 
available documents illustrating the state of the art appear to provide no basis for 
an objection to the present claims on the grounds of lack of novelty or inventive 
step (Art. 33(2) & (3) PCT), while industrial applicability (Art. 33(4) PCT) is obvious 
for all claims. 

3. The claimed invention appears to achieve a permanent magnet electrical machine 
with energy-saving control by providing a permanent magnet rotor and a stator 
with salient electromagnet poles, wherein essentially: 

(a) the stator poles are arranged in groups, with circumferentially adjacent 
groups offset angularly with respect to the rotor poles by a "polar step" (p) of 
half the span of a permanent magnet (claim 1) or a whole span (claim 5); 
and 

(b) the energising scheme of the stator poles leaves some poles de-energised 
so that the torque is provided by the attractive force between the rotor per- 
manent magnets and the soft iron cores of the stator poles. 

4. It is well known, particularly in the art of stepper motor control, to offset the stator 
poles by various amounts relative to the rotor poles - see, for example, document 
D1 , Fig. 1 1 . However, D2 is the only document known to the examiner which con- 
siders the effect of magnetic attraction between permanent magnet rotor poles 
(24-1) to (24-8) (Fig. 1) and the soft iron cores (32) of de-energised electromagnet 
poles (28-1) to (28-9) (see col. 8, lines 46-59). Even if a skilled person were to 
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consider combining the teaching of D1 and D2, the result would not be the 
subject-matter of present claims 1 and 5, which must therefore be considered as 
being novel and inventive (Art. 33(2) & (3) PCT). 

The dependent claims define advantageous embodiments of the machine of 
claims 1 and 5. Their subject-matter is therefore also novel and inventive (Art. 
33(2) & (3) PCT). 

VII. Certain defects 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) POT, the relevant background art 
disclosed in the documents D1 and D2 is not mentioned in the description, nor are 
these documents identified therein. 



VIII. Certain observations 

1 . The claims are very unclear and therefore do not satisfy the requirement of Art 6 
PCT. Before any entry into a subsequent regional phase the whole application, in 
particular the claims, requires revision in order that a skilled person may under- 
stand precisely what is included in the desired scope of protection and what is not. 
Non-standard terminology is used throughout the application, e.g. "polar expan- 
sions", "the input and output of the permanent magnets", "heteronomous", "com- 
plete (energy) cycle", in contravention of Rule 10.1 (e) PCT (the preceding exam- 
ples are not exhaustive). 

2. Claim 5 is drafted as dependent on claim 1 . However, as claim 5 specifies that the 
"polar expansions" are offset by a "double polar step", which is inconsistent with 
claim 1 , claim 5 is, in fact, another independent claim. 

3. It is unclear whether it is an essential feature of the claimed machine that the rotor 
permanent magnet poles should be contiguous, as illustrated in the figures, or 
whether adjacent poles can be separated along the rotor circumference. Associ- 
ated with this point is the question of whether the "span" of a permanent magnet 
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refers to the angular extent of the pole or the pole pitch, i.e. the distance between 
corresponding points on adjacent poles. It is also unclear whether the separation 
of half of a pernnanent nnagnet span (claim 1) or a whole span (claim 5) is tied to a 
system with only two pairs of stator "polar expansions", as shown, or would also 
be valid for different numbers of pairs. The meaning of "opposite" in claim 10 is 
obscure. The expression "negative feedback" in the context of electromagnet 
excitation (claim 16) is obscure. 
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